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© A pneumatic radial tire (1) comprises a radial 
carcass (2) comprised of at least one toroidal car- 
cass Ply (4), a belt (6) composed of at least one belt 
layer (11) arranged outside the carcass ply in the 
radial direction and a reinforcing layer (15) com- 
posed of at least one reinforcing ply (16) and ar- 
ranged outside the carcass ply in the radial direction. 
In this tire, the reinforcing ply is constituted by 
spirally winding strip band (17) obtained by covering 
at least one wavy bent reinforcing element (18) with 
a covering material (19) of a high molecular weight 
substance having a low modulus of elasticity. 
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PNEUMATIC RADIAL TIRES 



This invention relates to a pneumatic radial tire 
in which belt layers and reinforcing plies are ar- 
ranged outside a toroidal carcass ply in the radial 
direction of the tire. 

In general, when a heavy duty pneumatic tire 
having a low aspect ratio or a high-speed running 
tire is run at a high speed under an inflation of 
internal pressure, both ends in widthwise direction 
of a tread largely expand outward in the radial 
direction, so that it is apt to generate separation 
failure at belt end. For this end, there Is proposed a 
countermeasure wherein the expansion at both 
ends in widthwise direction of the tread is pre- 
vented by arranging a reinforcing layer containing 
many reinforcing elements arranged in the circum- 
ferential direction so as to substantially overlap with 
the full width of the belt layer therealong. In this 
case, the reinforcing element is straight, so that it 
can not be elongated in the vulcanization and con- 
sequently the vulcanization building becomes very 
difficult 

In order to solve the aforementioned problem, 
as a pneumatic radial tire being easy in the vul- 
canization building and having a good durability 
during the high- speed running, there have hitherto 
been known tires comprising at least one toroidal 
carcass ply containing cords arranged in a radial 
direction of the tire, plural belt layers arranged 
outside the carcass ply in the radial direction and a 
reinforcing layer arranged outside the carcass ply 
in the radial direction and substantially overlapped 
with the belt layer, wherein the reinforcing layer is 
formed by winding a wide strip band, which is 
obtained by covering plural wavy or zigzag bent 
reinforcing elements with a covering material of a 
high molecular weight substance having a low 
modulus of elasticity, in the circumferential direc- 
tion at least one time and lap joining a top end in 
longitudinal direction of the band with a terminal 
thereof. 

In such a radial tire, however, the joint portion 
of the reinforcing layer is unevenly distributed at 
one position in the circumferential direction (two 
positions in case of two reinforcing layers) and also 
the thickness of the joint portion is thick due to the 
lap joining, so that there is a problem that the 
uniformity of the tire is degraded to generate vibra- 
tions during the running of the tire. Furthermore, 
since the reinforcing element is bent in the wavy or 
zigzag form, there is caused a problem that these 
reinforcing elements somewhat elongate in the lon- 
gitudinal direction or circumferential direction of the 
tire under an inflation of internal pressure or during 
the high-speed running to lower the effect of pre- 
venting the expansion at both ends in widthwise 



direction of the tread outward in the radial direction. 

It is, therefore, an object of the invention to 
provide a pneumatic radial tire having a good uni- 
formity in spite of the presence of the reinforcing 
s layer and capable of effectively preventing the ex- 
pansion at both ends in widthwise direction of the 
tread. 

According to the invention, there is the provi- 
sion of a pneumatic radial tire comprising at least 
10 one toroidal carcass ply containing many cords 
arranged in radial direction of the tire, a belt com- 
posed of at least one belt layer arranged outside 
the carcass ply in the radial direction and a re- 
inforcing layer composed of at least one reinforcing 
75 ply and arranged outside the carcass ply in the 
radial direction and substantially overlapped with 
the full width of the belt layer therealong, character- 
ized in that said reinforcing ply is constituted by 
spirally winding a strip band, which is obtained by 
20 covering at least one wavy bent reinforcing element 
with a covering material of a high molecular weight 
substance having a low modulus of elasticity, at 
plural times in a circumferential direction of the tire. 
The invention will be described with reference 
25 to the accompanying drawings, wherein: 

Figs. 1a and 1b are schematically radial section 
views of first and second embodiments of the 
pneumatic radial tire according to the invention, 
respectively; 

30 Fig. 2 is a developed view in the vicinity of a 
reinforcing layer of the tire shown in Fig. 1a; 
Fig. 3 is a schematically sectional view taken 
along a line Ill-Ill of Fig. 2; 
Fig. 4 is a schematically developed view of a 
35 reinforcing layer constituted by butt joining op- 
posed side edges of band-like strips extending 
straightforward to each other; 
Fig. 5 is a schematically sectional view taken 
along a line V-V of Fig. 4; 
40 Fig. 6 is a schematically developed view of a 
reinforcing layer in a third embodiment of the 
pneumatic radial tire according to the invention; 
Fig. 7 is a schematically sectional view taken 
along a line VII-VII of Fig. 6; and 
45 Figs. 8 and 9 are schematically sectional views 
of the other embodiments of the reinforcing lay- 
er according to the invention, respectively. 
According to the invention, the strip band ob- 
tained by covering at least one wavy or zigzag bent 
so reinforcing element with the covering material is 
spirally wound at plural times in the circumferential 
direction of the tire to form a reinforcing ply. In this 
case, the adjoining bands are joined to each other 
at their opposed side ends, so that the joint por- 
tions are uniformly distributed in the circumferential 
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direction and consequently the tire uniformity is 
good and the occurrence of vibrations can be pre- 
t vented during the running. 

In a first preferred embodiment of the inven- 
tion, the density of reinforcing elements at both 
end portions of the reinforcing ply per unit width is 
larger than that at the central portion of the re- 
inforcing ply, whereby the hoop effect at both ends 
in widthwise direction is stronger than at the central 
portion thereof and consequently the expansion at 
both ends outward in the radial direction is effec- 
tively prevented. 

In a second preferred embodiment of the in- 
vention, the reinforcing ply is made from the strip 
band containing plural reinforcing elements bent in 
form of wave or zigzag at same phase, wherein a 
wavelength of the reinforcing element is one-in- 
teger of outer peripheral length of the carcass ply 
in such a manner that both side edge portions of 
the covering material for the reinforcing element 
are protruded outward from the outermost reinforc- 
ing element at about 1/2 of a distance between the 
reinforcing elements to form a selvedge portion 
and the adjoining bands are joined so as to butt 
opposed outer side edges of the selvedge portions 
in these bands to each other, whereby the tire 
uniformity can considerably be improved. 

In a third preferred embodiment of the inven- 
tion, the strip band has a constant width approxi- 
mately corresponding to a sum of a distance be- 
tween a top of a mountain of outermost reinforcing 
element located at one side end of the band and a 
bottom of a valley of another outermost reinforcing 
element located at the other side end of the band 
and a distance between the reinforcing elements, 
and the adjoining strip bands are joined so as to 
overlap opposed side end portions of the bands 
with each other at a width approximately equal to 
an amplitude of the reinforcing element whereby 
the formation of the reinforcing layer becomes 
easy and the working efficiency can be improved. 

In a fourth preferred embodiment of the inven- 
tion, the strip band has a constant width approxi- 
mately corresponding to a sum of a distance be- 
tween a top of a mountain of outermost reinforcing 
element located at one side end of the band and a 
bottom of a valley of another outermost reinforcing 
element located at the other side end of the band, 
which is the same distance as a product of an 
amplitude of the reinforcing element by an integer 
A of not less than 3, arid a distance between the 
reinforcing elements, and the adjoining strip bands 
are joined so as to overlap opposed side end 
portions of the bands with each other at a width 
approximately equal to a product of the amplitude 
of the reinforcing element by not less than 2 but an 
integer B exceeding 1/2 of the integer A but less 
than 1 thereof, whereby two or more reinforcing 



layers can easily be formed in a high efficiency. \ 

In Figs. 1a, 1b, 2 and 3 are shown first and 
second embodiments of the pneumatic radial tire 1 
according to the invention, respectively. This tire 1 

5 shown in Fig. 1a comprises a toroidal carcass 2 
composed of at least one carcass ply 4 (one ply in 
the illustrated embodiment) containing many cords 
3 arranged in the radial direction of the tire. A belt 
6 is arranged outside the carcass 2 in the radial 

io direction, and also a tread 8 including plural main 
grooves 8 and the like is arranged outside the belt 
6 in the radial direction. The belt 6 comprises at 
least one belt layer 11 (two layers in this embodi- 
ment) containing many inextensibie cords such as 

is steel cords inclined at an angle of 10* -40* with 
respect to an equator 12 of the tire. In case of two 
or more belt layers, the cords of these layers are 
crossed with each other. Furthermore, a reinforcing 
layer 15 having a width somewhat narrower than 

20 that of the belt 6 is arranged outside the carcass 2 
in the radial direction and interposed between the 
carcass 2 and the belt 6 so as to substantially 
overlap with the full width of the belt 6 therealong. 
The reinforcing layer 15 comprises at least one 

25 reinforcing ply 16 (two plies in the illustrated em- 
bodiment). The reinforcing ply is constituted by 
spirally winding an elongated strip band 17 at plu- 
ral times in the circumferential direction. In the 
illustrated embodiment, the inside reinforcing ply 

30 16 is formed by continuously and spirally winding 
the band from an end in widthwise direction of the 
belt 6 to the other end thereof, and then outside 
reinforcing ply 16 is formed by continuously and 
spirally winding the band from the other end in 

35 widthwise direction of the belt 6 to the end thereof. 
Thus, when the reinforcing layer 15 is constituted 
with the spirally wound strip band 17, the adjoining 
bands 17 are joined at their opposed side edges, 
so that the joint portion is uniformly distributed in 

40 the circumferential direction and consequently the 
uniformity of the tire 1 is improved and the occur- 
rence of vibrations during the running can be pre- 
vented. 

The strip band 17 is comprised of at least one 
45 reinforcing element 18 and a covering material 19 
of a high molecular weight substance covering the 
element. Moreover, when using plural reinforcing 
elements 18, they are arranged so as to separate 
them at an equal distance. The reinforcing element 
so is made from inextensibie material such as steel. 
Kevlar (aromatic polyamide) or the like and com- 
posed of a single filament of th above material or 
a cord obtained by twisting a plurality of such 
filaments (twisted filament cord). Furthermore, the 
55 reinforcing element is bent in a plane parallel to 
front and rear faces of the covering material 19 in 
form of a wave or zigzag such as rectangular wave, 
triangular wave, sine curve or the like. When plural 
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reinforcing elements are embedded in the covering 
material, they are arranged at the same phase. In 
the illustrated embodiment, the wavelength a of the 
reinforcing element 18 is one-integer of an outer 
peripheral length of the carcass 2. As a result, 
when the reinforcing elements 18 of the adjoining 
bands 17 at a certain winding position are same in 
the circumferential direction, they are same phase 
as shown in Fig. 2. 

The covering material is composed of a high 
molecular weight substance having a modulus of 
elasticity lower than that of the reinforcing element 
18. such as rubber, epoxy resin or the like. Further- 
more, both side edge portions (in widthwise direc- 
tion) of the covering material 19 are protruded 
outward from the outermost reinforcing elements 
18a, 18b (among plural reinforcing elements 18) at 
about 1/2 of a distance d between the reinforcing 
elements 18 to form a pair of selvedge portions 20 
as shown in Fig. 3. Consequently, the covering 
material 19 has a constant width s approximately 
corresponding to a sum of a distance f between 
both the outermost reinforcing elements 18a, 18b 
and a distance d between the reinforcing elements 
18 and is bent in form of wave or zigzag as a 
whole. Thus, the reinforcing ply 16 is formed by 
spirally winding such a strip band 17 so as to butt 
the opposed outer side edges of the selvedge 
portions 20 in the adjoining bands 17 to each other. 

In the formation of the reinforcing layer 15, the 
strip band 17 is spirally wound in such a manner 
that the band is piled one upon the other only in 
the vicinity of both end portions of the belt to form 
an overlapped portion at each end of the reinforc- 
ing layer. In this way, the density of the reinforcing 
element in both end portions of the reinforcing 
layer in widthwise direction is made larger than that 
in the central portion of the reinforcing layer, so 
that the hoop effect in both end portions of the 
reinforcing layer is stronger than that in the central 
portion thereof, and consequently the outward ex- 
pansion in radial direction at both end portions of 
the tread 8 is effectively prevented. Such a relation 
of the reinforcing element density between each 
end portion and central portion of the reinforcing 
layer may be attained by overlapping the side end 
portions of the strip bands at a given width to form 
each end portion in widthwise direction of the re- 
inforcing element and overlapping the side end 
portions of the strip bands at a width smaller than 
the above given width or butting the opposed side 
ends of the adjoining bands to from the central 
portion of the reinforcing layer during the spiral 
winding of the band. Moreover, both end portions 
of the reinforcing layer may be formed by spirally 
winding the strip band having a high density of the 
reinforcing elements embedded and the central 
portion of the reinforcing layer may be formed by 



spirally winding the strip band having a low density 
of the reinforcing elements embedded. 

According to the invention, the width of the 
reinforcing layer 1 5 may be the same or somewhat 

s wider than the width of the belt 6. Further, the 
reinforcing layer 1 5 may be arranged between the 
belt 6 and the tread 8 or between the belt layers 1 1 
constituting the belt 6. 

Moreover, the formation and winding of the 

70 strip band 17 as shown in Fig. 2 may become 
difficult, so that it is considered to form and spirally 
wind a strip band 24 as shown in Figs. 4 and 5. 
That is, the covering material 21 is straightward 
extended irrespective of the bent reinforcing ele- 

75 ments 18, and has a constant width c approxi- 
mately corresponding to a sum of a distance e 
between mountain 22 of the outermost reinforcing 
element 18a located at one end of the covering 
material and valley 23 of the outermost reinforcing 

20 element 18b located at the other end thereof 
among the reinforcing elements 18 and a distance 
d between the reinforcing elements 18. Such a 
strip band 24 composed of the reinforcing ele- 
ments 18 and the covering material 21 is spirally 

25 wound so as to butt the opposed side ends of the 
adjoining bands 24 to thereby from a reinforcing 
ply 16. In this case, however, a soft region g 
containing no reinforcing element 18 is produced 
between the reinforcing element 18b located at the 

30 other end of the strip band 24 and the reinforcing 
element 18a located at the one end of adjoining 
strip band 24 at a width corresponding to a sum of 
an amplitude h of the reinforcing element 18 and 
the distance d in a bent shape having the same 

35 phase as in the reinforcing element 18 or a shape 
that such a width periodically changes in accor- 
dance with the position in circumferential direction. 
Since such a region g is existent in each reinforc- 
ing ply 16 at a spiral form, the rigidity of the 

40 reinforcing layer 15 as a whole lowers. In order to 
prevent the lowering of the rigidity, it may be 
considered that another reinforcing ply 16 is further 
piled so as to cover the soft region g with the 
reinforcing element group of this ply, but in this 

45 case the total thickness of the reinforcing layer 15 
is too thick to lower the durability of the tire. 

As mentioned in the aforementioned first em- 
bodiment, according to the invention, the 
wavelength a of the reinforcing element 18 is made 

so one-integer of the outer peripheral length of the 
carcass 2 and also a pair of the selvedge portions 
20 of the covering material 19 are formed at both 
ends of the strip band 17 at a width corresponding 
to about 1/2 of the distance d t while the strip band 

55 17 is spirally wound so as to butt the opposed side 
end of the selvedge portions 20 in the adjoining 
bands to form the reinforcing ply 16. In this case, 
the reinforcing elements 18 are arranged in the 
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reinforcing ply 16 so as to separate away from 
each other at a constant distance d, so that there is 
produced no soft region g. Furthermore, the re- 
inforcing ply 16 is formed by butt joining of the 
strip bands 17, so that there is caused no over- 
lapped portion. Thus, the uniformity of the tire 1 
can considerably be improved. 

:ln the second embodiment of Fig. 1b, the tire 
l' has the same structure as in the first embodi- 
ment of Fig. 1a except that the positions of the belt 
6 and the reinforcing layer 15 are opposite to those 
in Fig. 1a. Even in this embodiment similar results 
are obtained. 

In Figs. 6 and 7 is shown a third embodiment 
of the reinforcing layer according to the invention, 
wherein the same strip band as shown in Figs. 4 
and 5 is used as a strip band for the formation of 
the reinforcing ply 16. That is, the strip band 24 
has such a structure that the covering material 21 
is straightward extended irrespective of the bent 
reinforcing elements 18, and has a constant width c 
approximately corresponding to a sum of a dis- 
tance e between mountain 22 of the outermost 
reinforcing element 18a located at one end of the 
covering material and valley 23 of the outermost 
reinforcing element 18b located at the other end 
thereof among the reinforcing elements 18 and a 
distance d between the reinforcing elements 18. In 
this embodiment, the reinforcing ply 16 is con- 
structed by spirally winding such a strip band 24 
so as to overlap the opposed side ends of the 
adjoining bands 24 with each other at a width 
corresponding to the amplitude h of the reinforcing 
element 18. As a result, the soft region g is not 
produced between the reinforcing element 18b lo- 
cated at the other end of the strip band 24 and the 
reinforcing element 18a located at the one end of 
the overlapped strip band 24, so that the rigidity of 
the reinforcing layer 15 can be improved. More- 
over, the phase of the reinforcing elements 18 in 
the strip band 24 is usually shifted from that in the 
adjoining strip band 24 at a certain winding position 
as shown in Fig. 6, but even if the phase is 
different, the number of the reinforcing elements 
embedded per unit width is substantially constant 
at any winding positions, so that there is no change 
in the strength of the reinforcing ply 16 at positions 
in widthwise direction. Moreover, when the width c 
of the covering material 21 is a sum of the distance 
e and the distance d f it is sufficient to conduct the 
spiral winding of the strip band 24 by overlapping^ 
the opposed side ends of the adjoining bands 24 
with each other at a width corresponding to the 
amplitude h of the reinforcing element 18. On the 
other hand, if the width c of the covering material 
21 is somewhat wider or narrower than the sum of 
the distance e and the distance d, the spiral wind- 
ing is adjusted by increasing or decreasing the 



overlapping amount to the amplitude h of the re- 
inforcing element 1 8. In any case, the strip band 24 
used in the illustrated embodiment is easy in the 
formation and the winding, so that the reinforcing 
5 layer 15 can easily be formed in a high efficiency. 
Furthermore, the wavelength of the reinforcing ele- 
ment 18 may be one-integer number of the outer 
peripheral length of the carcass 2 likewise the first 
embodiment. 

w When the reinforcing layer 15 is comprised of 

a single reinforcing ply 16, it is enough to use the 
method shown in Figs. 6 and 7, but when the 
reinforcing layer 15 is comprised of two reinforcing 
plies 16. as shown in Fig. 8, an outer reinforcing 

75 ply 16 is formed on the inner reinforcing ply 16 by 
spirally winding the strip band 24 outside the inner 
reinforcing ply 16 while overlapping the opposed 
side ends of the adjoining bands with each other at 
a width approximately corresponding to the am- 

20 plitude h of the reinforcing element 18. In the latter 
case, the winding should be conducted by surely 
butting the one side end of the band 24 constitut- 
ing the inner reinforcing ply 16 to the other side 
end of the band 24 constituting the outer reinforc- 

25 ing ply 16 for preventing an accident of reserving 
air between the inner reinforcing ply and the outer 
reinforcing ply, so that the winding operation be- 
comes troublesome. Therefore, the third embodi- 
ment shown in Figs. 6 and 7 is effective to the 

30 case of the single reinforcing ply 16 as the re- 
inforcing layer 15, but is unfavorable for constitut- 
ing the reinforcing layer 15 with the two reinforcing 
plies 16 because the operability is poor. 

In Fig. 9 is shown a fourth embodiment of the 

35 reinforcing layer according to the invention. Ac- 
cording to this embodiment, when the reinforcing 
layer 15 is comprised of two or more reinforcing 
plies 16, such a reinforcing layer 15 can be formed 
by using a strip band 32 in a high efficiency. In the 

40 strip band 32. a covering material 31 is straigh- 
tward extended likewise the third embodiment. Fur- 
thermore, the distance e between mountain 22 of 
the outer reinforcing element 18a located at one 
side end of the covering material and valley 23 of 

45 the outer reinforcing element 18b located at the 
other side end of the covering material is the same 
as a product (A x h) of the amplitude h of the 
reinforcing element 18 and an integer A of 3 or 
more (5 in this embodiment), while the width c of 

so the covering material 31 approximately corre- 
sponds to a sum of the distance e (A x h) and the 
distance d between the reinforcing elements 18. 
The reinforcing layer 15 is formed by lap joining 
such strip bands 32 whil spirally winding the 

65 bands so as to overlap the opposed side nds of 
the adjoining bands with each other at a width 
approximately corresponding to a product of the 
amplitude h of the reinforcing element 18 and an 

5 
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integer B of 2 or more satisfying more than 1/2 but 
less than 1 of the integer A (3 in this embodiment), 
so that the rigidity of the reinforcing layer 15 is 
enhanced without producing the soft region g in the 
reinforcing layer 15. In the resulting reinforcing 
layer 15, the reinforcing elements 18 are over- 
lapped at plural stages, particularly two stages in 
this embodiment, which is finally the same as in 
the case of piling two reinforcing plies one upon 
the other. Even in this embodiment and the above 
thrid embodiment, the strip band 24 or 32 is exis- 
tent at only one stage in both end portions of the 
reinforcing layer 15 or the winding start and end 
positions of the band, or no reinforcing element is 
existent in both end portions the reinforcing layer. 
In the fourth embodiment, the phase of the re- 
inforcing element 18 in the strip band 32 is usually 
shifted from the phase of the reinforcing element 
18 in the adjoining band 32 at a certain winding 
position. Even if the phase is different the number 
of the reinforcing elements 18 embedded per unit 
width is substantially constant at any winding posi- 
tions, so that the strength of the reinforcing layer 
15 is unchangeable at the positions in widthwise 
direction. Further, when the width c of the strip 
band 32 is the same of the distance e and the 
distance d, it is sufficient to conduct the spiral 
winding of the strip band 32 by overlapping the 
opposed side ends of the adjoining bands with 
each other at a width accurately corresponding to a 
product of the amplitude h of the reinforcing ele- 
ment 18 and the integer B (3 in this embodiment). 
However, when the width c of the strip band 32 is 
somewhat wider or narrower than the sum of the 
distance e and the distance d, the lap joining is 
carried out by somewhat increasing or decreasing 
the overlapping amount from the above product. 
When the integer A is 3 and the integer B is 2, the 
reinforcing layer similar to the case of piling two 
reinforcing plies can be formed, while when the 
integer A is 4 and the integer B is 3, the reinforcing 
layer similar to the case of three reinforcing plies 
can be formed. 

In the above embodiments, the reinforcing lay- 
er 15 is arranged so as to substantially overlap with 
the full width of the belt 6 thereatong, but it may be 
arranged only in both end portions of the belt 6 in 
widthwise direction. Furthermore, Although the 
width of the reinforcing layer 1 5 is slightly narrower 
than the width of the belt 6, according to the 
invention it may be the same or somewhat wider 
than the belt 6 so as to protrude outward from each 
side end portion of the belt in the widthwise direc- 
tion. 

The following examples are given in illustration 
of the invention and are not intended as limitations 
thereof. 



Example 1 

There were a conventional tire 1 , a comparative 
tire 1 and two invention tires 1 and 2 each having a 

s tire size of 11/70 R22.5, wherein the conventional 
tire 1 was provided with an auxiliary ply containing 
cords inclined at an angle of 50° up to the right 
with respect to the equator of the tire, the compara- 
tive tire 1 was provided with a reinforcing layer 

70 having a small reinforcing element density as a 
whole, and each of the invention tires 1 and 2 was 
provided with a reinforcing layer in which the re- 
inforcing element density in both end portions was 
made larger than that in the centra! portion as 

is shown in Figs.la and 1b. Then, each of these tires 
was inflated under an internal pressure of 8.0 
kg/cm 2 , during which the outward expansion 
amount (size growth) at shoulder end in radial 
direction was measured. As a result, the expansion 

20 amount was 2.7 mm in the conventional tire 1 and 
2.3 mm in the comparative tire 1, respectively, 
while the expansion amount was reduced to 2.0 
mm in the invention tire 1 and 1.9 mm in the 
invention tire 2, respectively. 

25 Then, each of the above tires was run on a 

drum at a speed of 60 km/h under a load of 2500 
kg for 24 hours and the load was further increased 
at a rate of 400 kg every 24 hours, during which 
the running distance till the occurrence of belt end 

30 separation was measured. When the measured re- 
sult was represented by an index on the basis that 
the conventional tire 1 was 100, the index value of 
the comparative tire 1 was 112 and those of the 
invention tires 1 and 2 was 125 and 120, respec- 

35 tively. Moreover, the index value of 100 actually 
corresponds to the running distance of 5600 km, 
and the larger the index value, the better the sepa- 
ration resistance. From this fact, it can be seen that 
the separation resistance in the invention tire 1 is 

40 improved owing to the reduction of expansion 
amount at shoulder end as mentioned above. 



Example 2 

45 

There were provided four test tires each having 
a tire size of 185/70 R14. Among these tires, a first 
tire was a conventional tire 2 comprising a belt 
composed of inner belt layer containing cords ar- 

50 ranged at an angle of 20* up to the right and outer 
belt layer containing cords arranged at an angle of 
20* up to the left and having no reinforcing layer, 
and a second tire was a comparative tire 2 having 
a reinforcing layer arranged on the belt of the 

55 conventional tire 2 outward in radial direction and 
constituted by winding a strip band of 160 mm in 
width In the circumferential direction at one time so 
as to lap join both end portions in longitudinal 
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direction of the band with each other, and a third 
tire was an invention tire 3 comprising a reinforcing 
layer comprised of a wide-width portion (180 mm) 
arranged on the above belt outward in radial direc- 
tion and a pair of narrow-width portions (30 mm) 
each overlapped on each side end part in width- 
wise direction of the wide-width portion outward in 
the radial direction, which was constituted by spi- 
rally winding strip bands, and a fourth tire was an 
invention tire 4 comprising a reinforcing layer ar- 
ranged on the belt outward in the radial direction 
and constituted by spirally winding strip bands so 
that the density of reinforcing elements embedded 
in both side end portions in the widthwise direction 
of the reinforcing layer (30 elements/5 cm) was 
larger than that in the central portion thereof (15 
elements/5 cm). Then, each of these tires was 
inflated under an internal pressure of 2.0 kg/cm 2 
and run on a test drum at a speed of 200 km/h 
under a load of 460 kg, during which a change of 
longitudinal force (RFV) produced in the tire was 
measured. As a result, the value of RFV was 6 kg 
in the conventional tire 2 and 8 kg in the compara- 
tive tire 2, while the RFV value was reduced to 4.5 
kg in the invention tire 3 and 4.0 kg in the invention 
tire 4, respectively. From this fact, it can be seen 
that the tire uniformity is surely improved according 
to the invention. 

Further, these tires were run on the test drum 
at a speed of 200 km/h, during which the expan- 
sion amount at shoulder end of the tire outward in 
radial direction (size growth) was measured. As a 
result, the expansion amount was 3 mm in the 
conventional tire 2 and 2.5 mm in the comparative 
tire 2, respectively, while the expansion amount 
was reduced to 1.7 mm in the invention tire 3 and 
1.8 mm in the invention tire 4, respectively. 



Example 3 

There were provided five test tires each having 
a tire size of 1 1/70 R22.5. Among these tires, a first 
test tire was a comparative tire 3 comprising a 
reinforcing layer constituted by winding a strip 
band having a width equal to a full width of the 
reinforcing layer (165 mm) two times in the circum- 
ferential direction so as to overlap the top in lon- 
gitudinal direction of the band with the terminal 
thereof, and a second test tire was an invention tire 
5 comprising a reinforcing layer comprised of two 
reinforcing plies each formed by spirally winding a 
strip band 24 of 20.6 mm in width 8 times so as to 
butt join opposed side ends of adjoining bands with 
each other as shown in Fig. 4, and a third test tire 
was an invention tire 6 comprising a reinforcing 
layer comprised of two reinforcing plies each con- 
stituted by spirally winding a bent strip band of 20 



mm in width 8 times so as to butt join opposed 
side ends of adjoining bands with each other as 
shown in Figs. 2 and 3, and a fourth test tire was 
an invention tire 7 comprising a reinforcing layer 

5 comprised of two reinforcing plies each constituted 
by spirally winding a straight strip band of 25 mm 
in width 8 times so as to overlap opposed side 
ends of adjoining bands with each other as shown 
in Fig. 8, and a fifth test tire was an invention tire 8 

to comprising a reinforcing layer constituted by spi- 
rally winding a straight strip band of 25 mm in 
width 15 times so as to overlap opposed side ends 
of adjoining bands as shown in Fig. 9. In these 
tires, the reinforcing element was constructed by 

75 bending steel cord of 3 + 9 + 15x0.15 along a sign 
curve at an amplitude h of 5 mm and a wavelength 
a of 53.7 mm. Moreover, the reinforcing ply of the 
comparative tire 3 contained 64 reinforcing ele- 
ments at an equal distance, while in each of the 

20 invention tires, 8 reinforcing elements were embed- 
ded in the strip band at an equal distance. 

Then, each of these tires was inflated under an 
internal pressure of 7.5 kg/cm 2 and run on a test 
drum at a speed of 3 km/h under a load of 2400 

25 kg, during which a change of longitudinal force 
(RFV) produced in the tire was measured. As a 
result, the RFV value was 145 kg in the compara- 
tive tire 3, while the RFV value was reduced to 82 
kg in the invention tire 5, 68 kg in the invention tire 

30 6. 80 kg in the invention tire 7 and 75 kg in the 
invention tire 8, respectively. From this fact, it can 
be seen that the tire uniformity is surely improved 
according to the invention. 

As mentioned above, according to the inven- 

35 tion, the tire uniformity is good and there is caused 
no vibration during the running of the tire. Further- 
more, the expansion at both end portions in width- 
wise direction of the tread outward in radial direc- 
tion can effectively be prevented. 

40 

Claims 

1. A pneumatic radial tire (1) comprising at least 
45 one toroidal carcass ply (4) containing cords (3) 
arranged in the radial direction of the tire, a belt (6) 
composed of at least one belt layer (11) arranged 
outside the carcass ply in the radial direction, and 
a reinforcing layer (15) composed of at least one 
so reinforoing ply (16) and arranged outside the car- 
cass ply in the radial direction and substantially 
overlapped with the full width of the belt layer 
therealong, characterized in that said reinforcing 
ply is constituted by spirally winding a strip band 
55 (17,24,32), which is obtained by covering at least 
one wavy or zigzag bent reinforcing element (18) 
with a covering material (19.21,31) of a high molec- 
ular weight substance having a low modulus of 
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elasticity, a plurality of times in the circumferential 
direction of the tire. 

2. A pneumatic radial tire as claimed in claim 1, 
characterized in that the density of reinforcing ele- 
ments at both end portions in the widthwise direc- 5 
tion of said reinforcing ply per unit width is larger 
than that at a central portion of said reinforcing ply. 

3. A pneumatic radial tire as claimed in claim 1 or 
2, characterized in that said reinforcing ply is made 
from said strip band containing a plurality of re- ro 
inforcing elements bent in the form of a wave or 
zigzag at the same phase, in which the wavelength 

(a) of the reinforcing element is one-integer of the 
outer peripheral length of said carcass ply in such 
a manner that both side edge portions of said 75 
covering material for the reinforcing element are 
protruded outward from an outermost reinforcing 
element (18a,18b) at about 1/2 of a distance be- 
tween the reinforcing elements to form a selvedge 
portion (20) and said adjoining bands (17) are 20 
joined so as to butt opposed outer side edges of 
the selvedge portions in these bands to each other. 

4. A pneumatic radial tire as claimed in any of 
claims 1 to 3, characterized in that said strip band 

(24) has a constant width (c) approximately cor- 25 
responding to a sum of a distance (e) between a 
peak (22) of an outermost reinforcing element (18a) 
located at one side end of the band and a valley 
(23) of another outermost reinforcing element (18b) 
located at the other side end of the band and a 30 
distance (d) between the reinforcing elements, and 
said adjoining strip bands are joined so as to 
overlap opposed side end portions of the bands 
with each other at a width approximately equal to 
an amplitude (h) of the reinforcing element (18). 35 

5. A pneumatic radial tire as claimed in any of 
claims 1 to 3, characterized in that said strip band 
(32) has a constant width approximately corre- 
sponding to a sum of a distance between a peak 

(22) of an outermost reinforcing element (18a) lo- 40 
cated at one side end of the band and a valley (23) 
of another outermost reinforcing element (18b) lo- 
cated at the other side end of the band, which is 
the same distance as a product of an amplitude (h) 
of the reinforcing element by an integer A of not 45 
less than 3, and a distance (d) between the re- 
inforcing elements, and said adjoining strip bands 
are joined so as to overlap opposed side end 
portions of the bands with each other at a width 
approximately equal to a product of the amplitude so 
(h) of the reinforcing element by an integer B of not 
less than 2, said integer B exceeding 1/2 of the 
integer A but less than 1 thereof. 



8 



EP 0 425 318 A2 



FIG. la 




9 



EP 0 425 318 A2 



FIG-2 



17 17 16 




20 18a /8b 20 15 



F/G.3 



18 19 



16 
L 



20* 



„ ■ o ' o\ o o o o p o 

Ba 16 18b 20 18 17 



OOP 

o o o 



T 

15 



J 
f 
17 



10 



EP 0 425 318 A2 



FtGL4 




FIGS 



21 



24 



I o o o 



21 24 
^—4- 



O 



18 



T 

16 



BMSDDCtO: -eFP 04P.S31RA? I > 



11 



EP 0 425 318 A2 



FIG. 6 




21 18 18 



12 



EP 0 425 318 A2 



FIG.8 



24 18 16 




FIG. 9 



32 31 /S 



' ~ " » o o 



O ' o o o 




13 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




© Publication number: 



0 425 31 8 A3 



® 



EUROPEAN PATENT APPLICATION 



<Sj) Application number: 90311791.9 
© Date of filing: 26.10.90 



© int. CI. 5 : B60C 9/22, B60C 9/20 



® Priority: 27.10.89 JP 281107/89 


© Applicant: Bridgestone Corporation 


14.11.89 JP 295763/89 


10-1, Kyobashi 1-Chome Chuo-Ku 




Tokyo 104(JP) 


® Date of publication of application: 


@ Inventor: Kohno, Yoshihide 


02.05.91 Bulletin 91/18 




2-6, Ogawahigashi-cho 3-chome 


© Designated Contracting States: 


Kodaira City, Tokyo(JP) 


DE ES FR GB IT 


Inventor: Koseki, Hiroyuki 




4-8, Ogawahigashi-cho 3-chome 


© Date of deferred publication of the search report: 


Kodaira City, Tokyo(JP) 


09.10.91 Bulletin 91/41 


Inventor: Sato, Klyoshl 




5-5, Ogawahigashi-cho 3-chome 




Kodaira City, Tokyo(JP) 




© Representative: Whalley, Kevin et al 




MARKS & CLERK 57/60 Lincoln's Inn Fields 




London WC2A 3LS(GB) 



© Pneumatic radial tires. 



CO 
< 

CO 
r— 

CO 

m 
<M 



Q. 
Ill 



© A pneumatic radial tire (1) comprises a radial 
carcass (2) comprised of at least one toroidal car- 
cass Ply (4). a belt (6) composed of at least one belt 
layer (11) arranged outside the carcass ply in the 
radial direction and a reinforcing layer (15) com- 
posed of at least one reinforcing ply (16) and ar- 
ranged outside the carcass ply in the radial direction. 
In this tire, the reinforcing ply is constituted by 
spirally winding strip band (17) obtained by covering 
at least one wavy bent reinforcing element (18) with 
a covering material (19) of a high molecular weight 
substance having a low modulus of elasticity. 
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